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1. ........ To famliarize the heli_cogter pilot/instructor and silet school
personnel of the hazards associated with dynamic rollover. |

2| BxeKEoND. 8n increasing percehege of helicopter accidents are being
attributed to dynamic rollover, a phenansem that will, without irbdbte
corrective action, result in destruction of the helicopter and possible serious
injury. This advisory circular informs helicopter flightcrews of the cause of
hel i copter dynamic rollover and measurest0 take to prevent such occurrences.

3. DISCUSSIW. Helicopter pilots in general are required to be skillful in
operations en both inproved or uninproved surfaces. During normal or slope
takeoffs and | andings with saie degree of bank angle or side-drift with tie

ski d/ wheel aa the ground, the bank angle or side drift can place the helicopter
ina situation where it is pivoting (rolling) about a skid/wheel which is still

i n eesitaet with the ground. When this happens, lateral cyclic control response
becafes nore sl uggish and | ess effective than for a free hovering helicopter.
Consequently, if a roll rate is pernitted to develop, a critical bank angle (i
angl e between the heli coPter and- the herizsy)) ny be reached where rol| cannot
be corrected, even with full lateral cyclic, and the helicopter will roll over
onto its side. As the roll rate increases, the angle at which recovery is stilll
possible is significantly reduced. The critical rollover an?I e is also reduced.
The critical rollover angle is further reduced under the fol [owi ng conditions:

a. Right side skid down eendiitiiash;

b. Crossw nds;

c. Lateral center of gravity offset;

d. Main rotor thrust alnost equal to helicopter weight; and

e. Left yaw inputs.
4. CRITICALCONDI TIONS. Whien certain elenmxits of helicopter operations are at
or near their mostcritical econditiimn, such as high gross weight, right lateral
center of gravity, crosswind fram the |eft, hovering with only the right
skid/wheel in contact with the surface and with thrust (I|ft2) appr oxi mat el y

equal to the weight, very little right roll rate is correctable for any given
bank angle. (See Figure 1.)
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FIGURE 1. EXAMPLE OF FORCES ACTING ON A HELICOPTER WITH RIGHT SKID ON THE
GROUND
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During normal t&kofffs to a hover and landings from
a hover, cross slope takeoffs and landings, and
takeoffs from the ground with bank angle or side drif®
a situation can exist where the helicopter will pivot
about the skid/wheel which remains on the ground
and enter a rolling motion that cannot be corrected
with full lateral cyclic input.
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5. CYGLICTRM. Wien maneuvering with one skid/wheel on the greund;, cige Misét -
be taken to keep the helicopter cyclic control properly trinmed (if equi pped
with force trimgradient), especially laterally. For exanple, if a slow takeoff
is attenpted and the tail rotor thrust contribution to rolling mement is not
trinived out with t he eyelliie the critical recovery angle may be exeeeded in | ess
t han 2 secondis. Control can be maintained if the pilot nmaintains proper cyclic
trimand by not allow ng helicopter roll and pitch rates to beceme too great.
The pilot should fly the helicopter into the air smoothly keeping excursions in
pitch, roll, and yaw smal| and shoul d not al | ow any unttiirmed cyclic (force
trimgradient) pressures.

6. NERRNVIAKEOFES ANDLOARDINGSE. When perform ng normal takeoffs and | andings
on relatively Tevel ground wth one skid/wheel on the ground with thrust (lifflg)
ap?lrmin%ttﬁlw egpadl to the wei ght, the pilot shoul d careful |y medimtain t he
hel'icopter position relative to the ground with the flight eohtwbls. Maneuvers
shoul d be perforned smeethlly and the cyclic shoul d be trimmsh(force

i pahy) so that no pitch or roll novenent rates kaild upy, especially roll
rate. |f the bank angle starts to increase to an angil e of appeasimtelly S8 t 0
g° and full corrective cy{]cl i ¢ does not reduce the angle, the colTective stesld
Bé& reduced to dimnish t

7. SnoPE TRRBYFFAARDAMNHIESS. When perform ng sl ope takeoff and | anding
maneuvers, the published procedures should be followed and care shawdld be used
to keep roll rates small. The pilot should slowy raise the downslope
skid/wneel to bring the helicopter level and then [ift off. If landing, the
pilot should | and on one skid/wheel and sl owy Jowdr the downsilepe skid/ wheel
usi ng ecivimed maxesnents of cyclic and col lective. |f the helicopter rolls to
t he upsliepe Si de (appraxindtdly 56 t 0 8°),t he pilot shoul d decr ease colllective
to correct the bank angle and return to level attitude and then start the

| andi ng procedure again. (See Figure 2.0

e unstable rolling esidiktdsn.
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FIGURE 2. UPSLOPE ROLLINMGIMOMION
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in coordination with collective pitch application.
During landings or takeoffs, this condition results
in the downslope skid rismg sufficiently to exceed
lateral cyclic control limits and an upslope rolling
motion occurs.

8 USE OF COLLECTIVE.  Collective is more effective in controlling the rolling
motion than lateral cyclic because it reduces the main rotor thrust (lift), A
snooth, moderate collective reduction (at a rate |ess than approxixetely ful | up
to full down in 2 seconds) is adequate to stop the rolling meitiisn:' Care shoul d
be taken, hwesesr, not to dunp collective at too high a rate thus, causing

fusel age - rotor blade contact. ﬂd&ﬁiiﬁﬂcﬁhlé/y,.lf the helicopter is on a'slope
and the roll starts to the upslope side, reducing collective too fast may create
ahigh roll rate in the opposite direetijsn. Vhen the uphill slope skid/wheel
hits the ground, thedynamcs of thenotion can cause the helicopter to bounce
off the upshepe skid/wheel and the inertia @m cause the helicopter to YOI |
abut t he downsil é]round edn@adt poi nt and over oa its side, Ihe collective
shoul d not be pulled suddenly to get airborne, as a large and abrupt rolling
wandnt in the opposite direction will result. This novement may be

unechtobl bbbe. |f the helicopter develops a roll rate with one skid/ wheel on
the ground, the helicopter can roll over onits side. (See Figure 3.D
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9. HEXUWMERSWEFEEEED. Wiile this advisory circul ar primerily addresses the
giid type helicopter, dynamc roll|over can occur in edither the skid or whest
equi pped helicopter. All types of rotor systems, rigid, semi-migid, or fully
articulated are affected to some extent. Tail rotor thrust and wind drag en the
fusel age eentriibute t o rol | manemt. In helicopters that are equipped with main
otor systems that turn eledwise (when viewed fran above), tail rotor thrust
woul d be in the opposite direction and right pedal instead of |eft pedal control
woul d increase that thrust.

10. jmﬂw When | anding or taking off, with thrust (lift) apprexi-
ma&y equal to the weight (Iight @anthe skids or wheels), the pino: shedld keep
the helicopter cyclic trinmed ?f or ce trim/gradiamt) and prevent excessive
he||coPter PltCh and rol|l movenent rates. The pilot should fly the helicopter
smoothly off (or onto) the ground, vertically, carefully naintaining proPer
cyclic trim  Techniques for takeoff and landing are basically the same for all
hel i copters when avoi ding conditions that would muse dynamic rollover. They
are as folllldwss:

- a Less lateral cyclic control will be available during crossw nd opera-
tions when the wind is caning fram t he upsliepe direction.

b: Taillwind conditions shoul d be avoi ded when conducting sl ope opetaitiaiss.

¢c. When the | eft skidiiteedl | s upsliepe, | ess |ateral cyclic ebdtrol widll -
be available due to the translating tendency of the tail rotor.

~d. Lf passengers or cargo are |oaded or unloaded, the lateral cyclic
requiirénent Wi | | change. If the helicopter utilizes interconnecting fuel |ines
that woul d al  ow fuel to autemiticalllly transfer fram ore side of the helicopter
to the other, the gravitational flowof fuel to the downslege tank eeuld change
the center of gravity, resulting in a different ampunat of cyclic control
application to obtain the sane lateral result.

e. Care should be exercised so that the cyclic |imts are not reached,
resulting in mast bunping. If the cyclic control limt is reached, further
Leweriing of the collective may cause mast bumping. |f this occurs, the pilot
slhould return to a hover and select a landing pornt with a lesser degree of
sl ope.

f. During a takeoff fram a slope, if the upsiope skid/wheel starts to
| eave the ground before the dowmslage ski d/ wheel, the pilot shoul d smoothily and
gent|y Towdr the col | ective and check to see if the dosdloppe skid/wiesdl is
caught en sanething. Under these conditions vertical ascent is the only
acceptabl e method of [ift-off.

11. LB, FLATRIZRDSEIRMERS. Dynamic rol | over ean occur on |evel surfaces
as welll. There are documented reports that indicate a skidlfwhesll has been
caught en a fixed object of the ranp, or stuck with ice or in soft asphalt, and
resulted inrollover. Failingto remne a tiedsm or skid securing device has
caused dynamc rollover.
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12. FLOATINGRPWAFFORMS. Reports have been submitted indicating the probable
cause of accidents involved flight opetatidres of helicopters en a floating

platform If the platformis pitching/rolling while attenpting to land or
takeoff, the result could be dynamc rollover

S
/7///’/}//7;”:/4 /

William T. Brennan
Acting Director of Flight Standards
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